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ISTEC Team on Structural Ceramics:  about 10 researchers and technicians
New ceramics for prosthetic joint replacement
(knee, hip, radial, shoulder, elbow, digits, ankle and wrist etc),  
and other implants or recostructuve devices (spinal spacers, maxillofacial fixtures, etc)
• In 2007: 500.000/year total hip joints are performed in USA and Europe
• In 2007: 663.000 Knee joints and 251.000 Hip joints in USA
• Strong market increase expected (+12 % by 2012)
• Lifetime of a prosthetic device: 10-15 years
• 25% of the hip and knee joints are repeat surgery due to premature failure
• Material used for load-bearing implants: Co-Cr alloys, stainless steel, Ti6-Al-4V, UHMWPE (Polyethilene), alumina, zirconia.
Needs for New materials in Arthroplasty – Replacement Implants
some MARKET DATA RELATIVE TO 2006/2007 
EUROPE: for orthopaedic Biomaterils 200 Million $
EUROPE: Trauma devices 400 million $
EUROPE: Large-Joint Reconstructive Implants 1.8 billion $
EUROPE Spinal Fusion Tech 320 million $ 
US and EUROPE:  Minimally Invasive Knees 1 billion $
US spinal fusion tech. 3.6 billion $ 
LATIN AMERICA 300 million $
JAPAN  Large-Joint Reconstructive Implants 730 Million $
JAPAN  Orthopaedic Biomaterials 400 million $
ASIA PACIFIC spinal fusion tech 330 million $
Needs ??????????
New bone substitution devices
Reduction of catastrophic failure in vivo of conventional joints
Materials quality - manufacturing methods - implant design
Desirable characteristics for load-bearing prosthetic implants: 
High strength, toughness, elastic modulus, fatigue resistance
High corrosion resistance for bioinertness and biocompatibility in vivo
Log term wear resistance and low friction
Good wetting between the dearing surface and synovial fluids
New Bones for Old …and …not only..
SILCON NITRIDE: 
a future as structural bioceramic ?
Silicon nitride-based ceramics present a unique combination of mechanical, 
chemical and physical properties for structural and/or functional applications, 
in several industrial fields. 
These ceramics attracted our attention for the evaluation of their suitability for 
load-bearing biomedical devices, as:
-articular prosthesis 
-reconstructive surgery
-fixture systems
due to:
high well known mechanical and tribological properties 
low weight
biocompatibility (that we verified)
To our knowledge only one Company (in USA)
is launching silicon nitride bio-prostheses on the market 
Objectives of research at ISTEC
• To design starting compositions, suitable for manufacturing processes and 
biocompatibility 
• to investigated the production and properties of silicon nitride-based ceramics 
• to test different processing routes, that allows the net-shaping of complex components: 
- mechanical machining, using diamond tools 
- electrical discharge machining (EDM) 
• to produce examples of prototypes
to evidence the results of
Mechanical
properties
In-vitro cytotoxicity 
tests
Microstructural 
Analysis
Wetting behaviour Tribological     tests
Chemical stability
tests
Materials-cell interaction
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Selected compositions:
Composite Si3N4-TiN
TiN
TiN Si3N4
Mechanical properties of these silicon nitride ceramics : 
Comparison with other ceramics for load-bearing prostheses
*Source: Rahaman, M N., Yao, A., Bal, S., Garino, J P., Ries, M D., Ceramics for Prosthetic Hip and Knee Joint 
Replacement, Journal of American Ceramic Society, 90, pp. 1965-1988, 2007 
5-9300-350700-100012-15≥ 994.40Al2O3 – 20% vol ZrO2
5-8200-2501000-150012-14≥ 996.05ZrO2 – 3% mol Y2O3
5-6200-250600-70010-12≥ 995.75ZrO2 – (8% mol MgO)
3-4300-500400-45014-16≥ 99> 3.97Al2O399.9% 
5.7±0.3354835 ± 5614.7 ± 0.7~100.03.97Si3N4 + 
35% vol. TiN
3.9 ±0.3316969 ± 7918.7 ± 6.6~100.03.19Si3N4 + 8.6% vol.  
MgO
3.5 ±0.3276934 ± 9515.3 ± 0.599.43.14Si3N4 + 10% vol. 
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Literature data relative to oxide-bioceramics *
Wettability
material composition and surface conditions determine  the 
lubrication: the smaller the contact angles of the drop on the ceramic 
surface, the better the lubrication
The sessile drop technique was applied using 
Deionized water (W), 
Hank’s solution (PHS2)
bovine serum (BS).
Results compared to: high purity alumina ,Y-PSZ zirconia
80:20 wt% alumina/zirconia composite
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Si3N4-TiN•The contact angles of 
water on the Si3N4 
ceramics are lower than 
on oxide ceramics 
•confirm a more 
hydrophilic character of
silicon nitride than 
alumina and zirconia.
The  lubrication of the 
surface of silicon nitride 
is excellent
water (W) 
isotonic saline physiological solution 
(PHS1),
at 37°C,  for 45 days to check the increase 
in oxygen containing phases after the 
permanence in the liquid media.
Chemical stability and corrosion 
in aqueous environments
500 nm
Example of the very slight surface modification
+ 0.46+ 0.16Si3N4–TiN
– 0.72+ 0.10Si3N4–MgO
– 0.52– 0.35Si3N4–bioglass
(PHS1)(mg)(W) (mg)Sample
Weight change
The chemical  stability is excellent:
All  surface effects are hardly 
detectable  even by XPS technique
Wear behaviour
Ball-on-disc testsMethodologyAlumina-alumina as the reference wear couple, 
(wear rate of less than 1 µm per year). 
Alumina was selected as counter face to test the 
Si3N4 ceramic materials (ball, Æ 6 mm).
•7÷10 N load on disc shaped samples, Æ 30mm
•10, 25 and 32 cm/sec for the sample revolutions 
•790, 2200 and 12000 meters (corresponding to 
25000, 50000 and 200000 revolutions) were run. 
•Dilute bovine serum (BS) as lubricant medium 
at 37°C
The friction coefficients around 0.1, are similar for the two silicon nitrides 
All the values of the friction coefficient are reasonably low for bearing 
surfaces in biomedical applications; they are slightly lower than the 
observed in other materials used for biomedical devices
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Only the most severe condition employed, i.e. 
10 N, 32 cm/sec and 12000 meters, allowed to 
observe the wear insurgence on the alumina 
balls or on the silicon nitride discs. 
200 µm
In all the other cases, neither weight loss nor profile relieves were appreciable on both 
ball and discs, indicating a mutual excellent wear resistance. 
Cytotoxicity
Methodology:    In-vitro cytotoxicity :  ISO 10093-part 5 normative
NO EVIDENT DEATH of the CELL POPULATION
NON- CYTOTOXICITY of the MATERIAL
RESULTS
Preliminary In-vitro tests 
Epithelial culture cell deposited on the sample for 24 h
Culture cells shows a good adhesion to the substrate and no evident morphological change in respect
to the reference
EDM Si3N4 surfacePolished Si3N4 surface
Reference
Complex Shapes for Implantable Devices, by EDM
Screw and Plates for Minifixation System
0.3 mm
Prototypes produced at lab level
Mean surface roughness after EDM : Ra = 2.0 μm
• No cracks around the hole
• No evident defects on the 
machined surface
Radial implant
Basal Thumb Implants
Key properties of Si3N4 as potential biomaterial
biocompatibility
low mass 
tailorable microstructure
strength
hydrophilicity
low friction coefficient and wear
chemical stability
absence of toxicity
positive cell interaction
The silicon nitride-based materials may serve as biomaterials for 
bone and articular substitutions, 
also in load bearing prosthesis.
Conclusions
Feasibility study of a 
knee prosthesis
What we offer
Know-how
• The details about materials composition and properties
• The details about the porcessing procedures
• Key features determining the composition selection for specific implant
applications
• Assistance for the optimization of bulk and surface properties
• Assistance for the bio-activation of the surface (part of the implants that have to
integrate with the bone)
Production of
• Samples for specific in-vitro or in-vivo tests or for surface coating
• Samples for surface bioactivation (in case of need) 
• Prototypes of joints or devices based on specific design (from the end-user).
alida. bellosi@istec.cnr.it
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